INTRODUCTION {#sec1-1}
============

Increased awareness and concern about esthetics has resulted in the popularity of the more conservative technique of tooth whitening with bleaching. Bleaching agents like carbamide peroxide and hydrogen peroxide are used to bleach the teeth that are discolored as a result of extrinsic or intrinsic staining.\[[@ref1]\]

Studies have shown that the shear bond strength of composite resin bonded to the tooth surface immediately after bleaching was significantly lower than that on unbleached tooth surface due to the presence of residual oxygen layer. Removal of this residual oxygen layer was found to increase the shear bond strength of composite resin to bleached enamel. The general approach of overcoming this post bleaching compromised bond strength was to delay the bonding procedure by a period varying from 24 h to 3 weeks.\[[@ref2][@ref3]\]

Several methods have been proposed to reverse the compromised bond strength following bleaching such as subjecting the bleached enamel to alcohol treatment before the restoration, removing the outermost layer of enamel, and the use of organic solvent containing adhesives.\[[@ref4]\] Others include exposing the bleached enamel specimens to water, saline solution, or artificial saliva.\[[@ref5]\] Antioxidants like 10% sodium ascorbate have also been used to reverse the reduced bond strength of bleached enamel.\[[@ref6][@ref7][@ref8]\]

The interest in natural antioxidants of plant origin has greatly increased in recent years. Oligomericproanthocyanidin complexes present in natural antioxidants like grape seed extract and pine bark extract have free radical scavenging activity.\[[@ref9]\] The aim of this *in vitro* study was to evaluate and compare the effects of oligomeric proanthocyanidin on the bond strength of composite resins to bleached enamel. The hypothesis of this study was that the use of an antioxidant reversed the reduced bond strength of composite resins to bleached enamel.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of solutions {#sec2-1}
------------------------

Ten grams of sodium ascorbate powder (SD Fine Chem Limited, Mumbai, India) was dissolved in 100ml of distilled water to make 10% sodium ascorbate solution, and 10% solutions of grape seed extract and pine bark extract were obtained from Aver Dynam Herbals Private Limited, India.

Specimen preparation {#sec2-2}
--------------------

Ninety recently extracted human premolars of comparable sizes and from the same age group were used in this study. The teeth which were free of caries, cracks, wear lesions, or developmental enamel defects were selected using a stereomicroscope (Magnus MS 13/MS24, Olympus India Pvt Ltd, New Delhi). The teeth were stored in a disinfectant solution of 0.1% thymol (NICE Chemical Laboratory Supplies Limited, India) prior to the study. All teeth were decoronated at the cementoenameljunction using water cooled diamond disc in a hard tissue sectioning machine (Labcut Extec Corp. Enfield, USA) and the decoronated surface was sealed with self-cureacrylic resin. All the specimens were then embedded in self-cure acrylic resin molds such that the labial surfaces faced upwards. The samples were kept in deionized water (NICE Chemical Laboratory Supplies Limited, India) until the resin was completely cured. The labial surfaces of teeth were polished with 600 grit silicon carbide paper (Moyco Precision Abrasives, Montgomeryville, PA, USA) for 60 s to create smooth, flat surfaces for treatment and bonding.\[[@ref10]\]

The specimens were randomly assigned into six groups of 15 teeth each \[[Table 1](#T1){ref-type="table"}\]. All specimens except Group I (negative control) were bleached with 37.5% hydrogen peroxide, HP gel - Pola Office Plus (SDI Limited, Bayswater, Victoria 3153, Australia) with three applications of eight min each. Following bleaching, the specimens were thoroughly rinsed with deionized water for 1 min.

###### 

The distribution of specimens and study groups
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In Group I (negative control), the unbleached teeth were bonded with composite. In Group II, bleaching was followed by storage in 250 ml of artificial saliva solution (Wet Mouth, ICPA Health Products, India) at 37°C for 3 weeks. Bonding with composite was done 3weeks after bleaching.

In Groups III, IV, and V, bleaching was followed by treatment with antioxidants 10% sodium ascorbate solution, 10% grape seed extract solution, and 10% pine bark extract solution respectively for 10 min. This was followed by rinsing with deionized water for 30 s and then bonded with composite. In Group VI (positive control), bonding with composite was done immediately following bleaching.

For composite bonding, labial enamel surface of all specimens were etched with 37% phosphoric acid (3M ESPE Dental Products) for 15 s, rinsed off with deionized water for 20 s, blot dried, and bonded with Adper Single bond (3M ESPE Dental Products, St Paul, MN, USA). A plastic mold of 5 ml height and 3 ml diameter was used for composite build up (Filtek Z 250- 3M ESPE, Dental products) on the labial surface. Composite resin was build up in increments of 2 ml or less with each increment being light-cured for 40 s using a quartz tungsten halogen light curing unit- Spectrum 800 (Dentsply Caulk, Milford, DE, USA).

All the specimens were stored in deionized water for 24 h at 37°C prior to shear bond strength testing.

Shear bond strength testing {#sec2-3}
---------------------------

Each specimen was placed in between the jigs of the universal testing machine (Model 3345; Instron Corp, Canton, Mass, USA) and a pointed shearing rod was placed on the composite resin/tooth interface and was subjected to static loading at a rate of 0.5 mm/min until fracture occurred. The machine was interfaced with a computer through which the operation was controlled and shear bond strength was calculated.

Statistical analysis {#sec2-4}
--------------------

The values obtained were statistically analyzed using computer software Statistical Package for Social Sciences (SPSS) version 16.0. One-way analysis of variance (ANOVA) followed by Duncan\'s multiple range test was used to analyze the data. Significance was established at *P* \< 0.05 level.

RESULTS {#sec1-3}
=======

Highest mean shear bond strength value was observed in Group I, which was statistically significant compared to other groups (*P* \< 0.001). The mean shear bond strength value of Group II was statistically significant with that of Group V (*P* \< 0.05) and Group VI (*P* \< 0.05), but not with that of Groups III and IV (*P* \> 0.05). The mean shear bond strength value of Group III was statistically significant compared to Group V (*P* \< 0.001) and Group VI (*P* \< 0.001), but not with that of Group IV (*P* \> 0.05). The mean shear bond strength value of Group IV was statistically significant when compared to that of Group VI (*P* \< 0.001). The mean shear bond strength values of Groups IV and V were not statistically significant (*P* \> 0.05). Group VI showed the least mean shear bond strength values compared to all other groups and was statistically significant (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of mean shear bond strength (Mpa) values between thedifferent groups
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DISCUSSION {#sec1-4}
==========

All the three antioxidants were capable of reversing the reduced bond strength following bleaching which confirmed our study hypothesis.

Human premolars recently extracted for orthodontic purposes were selected for this study. Following extraction they were stored in a disinfectant solution of 0.1% thymol solution until use to prevent cross infection.\[[@ref5]\] The decoronated tooth surface was sealed with acrylic resin to avoid the penetration of the embedding medium or the bleaching solution into the pulp chamber.\[[@ref8]\] The embedded specimens in acrylic resin molds were kept in deionized water until the resin was completely cured in order to avoid the thermal effects generated by the resin curing process.\[[@ref1]\] Bonded specimens were stored in deionized water for 24 h at 37°C before shear bond strength testing to artificially age the composite resins. Artificial aging simulates the chemical and physical oral environments, producing in a relatively short period, degradation similar to that which a composite resin would undergo in its clinical life.\[[@ref11]\]

Peroxide containing bleaching agents remove tooth discolorations through oxidation. Hydrogen peroxide, a low molecular weight substance, decomposes into oxygen and perhydroxyl free radicals. The latter is associated with high permeability and high diffusibility in the tooth structure. Perhydroxyl radicals attack the long chained, dark colored macromolecules of pigments and spilt them into smaller, less colored and more diffusible molecules which are removed from the structure producing the bleaching effect.\[[@ref12]\] Free radicals released from the hydrogen peroxide permeate into the enamel surface through interprismatic regions and may react not only with the pigmented organic molecules, but also with the organic enamel. The removal of organic material can result in morphological alterations and surface irregularities. Thus, despite the favorable results achieved with the bleaching agents, several studies have also reported surface alterations, decreased microhardness, and reduced bond strength of composite resin to enamel following bleaching.\[[@ref13]\]

In this study, 37.5% hydrogen peroxide, HP gel (Pola Office Plus, SDI) was used for three applications of 8 min each. The reason for the gel to be refreshed is due to the fast degradation of hydrogen peroxide since significant amount of active ingredients are available only for the first 15-20 minutes. In order to sustain the same degree of bleaching obtained in the first 15 min, three applications of 8 min each were used for bleaching. Moreover, studies have shown that hydrogen peroxide used for tooth whitening has a pH around 7 immediately after application; but when single application of longer time periods is used, the pH of the gel gets decreased to approximately 5, which may increase tooth sensitivity.\[[@ref14]\]

The compromised bond strength following bleaching is due to the fact that the bleaching agent leaves behind aresidual oxygen layer which interferes with the resin infiltration into etched enamel and inhibits the polymerization of resin.\[[@ref15][@ref16]\] During bleaching with hydrogen peroxide, peroxide apatite is formed as a result of the substitution of hydrogen radicals by peroxide ions. The structural changes caused by the incorporation of peroxide ions are eliminated upon storage for 2-3 weeks as the peroxide ions decomposes and the substituted hydroxyl radicals reenter the apatite lattice.\[[@ref17]\]

Studies have suggested post bleaching waiting periods of varying durations to reverse the compromised bond strengths. In the first 2 weeks after bleaching, the bond strength of composite resins to enamel was found to be low. However, after 3 weeks, thebond strength values reversed to that of the unbleached teeth.\[[@ref18]\]

Despite the favorable results achieved with the bleaching agents, studies have reported surface alterations and decreased microhardness of enamel and reduced bond strength of composite resin to enamel following bleaching.\[[@ref10]\]

The reduced bond strength in Group VI when compared to Group I may be due to the residual oxygen layer left behind following the bleaching process which could have interfered with the resin infiltration into etched enamel and inhibited the polymerization of resin.\[[@ref15][@ref16]\] Group II specimens showed significantly higher bond strength than that of Group VI. These findings were in accordance with the findings of other studies which states that delaying the bonding procedures following bleaching could reverse the compromised bond strength as a result of the removal of residual oxygen.\[[@ref2][@ref3]\] Group III specimens showed comparable values as that of Group II, which supports the fact that the use of antioxidants immediately following bleaching could neutralize the residual oxygen and reverse the reduced bond strength.\[[@ref6][@ref7][@ref8]\] Group III specimens could not reverse the bond strength as much as that of Groups IV and V which could be attributed to the fact that oligomericproanthocyanidins present in grape seed extract and pine bark extract are powerful antioxidants, far more potent than the common antioxidants like vitamins C, E, and beta-carotene.\[[@ref19]\] Group V specimens showed a higher mean bond strength value than that of Group IV specimens and was not statistically significant. The difference in the antioxidant activity of pine bark extract and grape seed extract could probably be attributed to their different phenolic compositions.\[[@ref9]\]

Sodium ascorbate is a derivative of ascorbic acid with a neutral pH. It has been reported that sodium ascorbate is a potent antioxidant capable of quenching the reactive free radicals. It neutralizes the effect on the residual oxygen layer, allows free radical polymerization of resin base materials to proceed without premature termination by restoring the altered redox potential of the oxidized bonding substrate, thus reversing the compromised bonding.\[[@ref15]\] So in this study, 10% solution of sodium ascorbate was used.

Studies have shown that the inclusion of peroxide ions may be reversed by the use of antioxidants. An antioxidant solution of 10% sodium ascorbate applied on the bleached enamel surface for 10 min effectively reversed the reduced bond strength.\[[@ref20][@ref21]\] However, SEM images have demonstrated an etched appearance on enamel surfaces after ascorbic acid usage in bleached enamel specimens with the ascorbic acid causing super etching of the already bleached surface.\[[@ref22]\]

The utilization of plant extracts as a viable alternative to chemical and synthetic antioxidants have been encouraging.\[[@ref23]\] Hence in this study, emphasis was placed on the use of oligomericproanthocyanidins as antioxidants immediately following the bleaching procedure to reverse the compromised bond strength of composite resins to bleached enamel.

Studies have shown that the application of 5% grape seed extract as an antioxidant for 10 min reversed the compromised bond strength.\[[@ref24]\] Application of 5% pine bark extract as an antioxidant for 10 min yielded almost the same bond strength as that of 10% sodium ascorbate.\[[@ref17]\] In this study, 10% solutions of grape seed extract and pine bark extract were applied for 10 min in order to evaluate and compare the effect of natural antioxidants on the reversal of compromised bond strength of composite resins to bleached enamel.

Oligomericproanthocyanidins are a class of polyphenolic bioflavonoids found in fruits and vegetables and are present in grape seed extract, pine bark extract, cranberries, lemon tree bark, hazel nut tree leaves, etc. They have free radical scavenging and antioxidant activity. They also have antibacterial, antiviral, anti-inflammatory, antiallergic, anticarcinogenic, and vasodilatory actions.\[[@ref25]\]

Grape seed extract contains oligomericproanthocyanidins and free flavanol monomers. Proanthocyanidins in the form of monomeric phenoliccompounds such as catechin, epicatechin, andepicatechin-3-0-gallate, and in dimeric, trimeric, and tetramericprocyanidin forms are present.\[[@ref23]\]

Pine bark extract contains phenolic compounds broadly divided into monomers (catechin, epicatechin, and taxifolin) and condensed flavonoids (oligomeric to polymeric proanthocyanidins).\[[@ref26]\]

Flavonoids can perform scavenging action on free radicals like superoxide, hydroxyl, and 1,1-dipheny l-2-picrylhydrazyl (DPPH) and have metal chelating properties. The presence of the functional group OH in the structure and its position on the ring of the flavonoid molecule determines its antioxidant capacity.\[[@ref23]\] The antioxidant properties of grape seed extract and pine bark extract could be due to the flavonoids present.

According to the material safety analyses, the level of health hazard for sodium ascorbate is higher than that of oligomeric proanthocyanidins. Moreover, sodium ascorbate has been found to be mutagenic for mammalian somatic cells, while oligomeric proanthocyanidins have no mutagenic effect when their material safety data\'s were examined.\[[@ref23]\] Natural antioxidants used in this study were capable of reversing the compromised bond strength of composite resins to bleached enamel. So this could be used to avoid the waiting period before bonding to bleached enamel which makes it clinically significant. Even though studies on grape seed extract showing its capability of reversing bond strength to bleached enamel has been done, it has not been compared with pine bark extract in this aspect.

However, this being an *in vitro* study, it cannot mimic the *in vivo* conditions. In the oral cavity, the interface between the restoration and the tooth is exposed to diverse forces that act simultaneously. During its life time, a restoration is subjected to cyclic loading; each load is insufficient to provoke failure, but in the long-term can possibly lead to marginal deterioration and loss of restoration. Therefore, fatigue testing of dental adhesives is expected to better predict their *in vivo* performance. Nevertheless, the more expensive and long-lasting clinical trials remain necessary to validate the laboratory observations.\[[@ref27]\] Since the results of this study showed a high statistical significant value, it could reproduce clinical significance as well. Further clinical trials are needed to confirm these findings.

CONCLUSION {#sec1-5}
==========

Within the limitations of this *in vitro* study, it was observed that among the different antioxidants used, 10% pine bark extract was superior in reversing the reduced bond strength of composite resin to bleached enamel.
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